Mining cycles have had an enormous impact in the evolution of the localization of economic activity, in particular of industry, in Chile. The nitrate cycle was characterized by a labour-intensive extraction process and activity which was geographically very concentrated. The copper cycle was geographically more dispersed and its activity more capital-intensive. We stress the role played by the State in the latter de-concentration due to the impact of regional development policies and assess the importance of factor endowments and agglomeration economies, in the localization of the manufacture.
INTRODUCTION
The aim of this article is to study the impact of mining on the distribution of economic activity, and particularly industrial activity, in the Chilean economy. We study the two mining cycles that started in 1880: the first was characterized by nitrate exportations and ended with the First World War and the second, from the First World War until the 1970s, featured copper exportations. The nitrate cycle boosted economic activity in the northern provinces of Chile, ushering in about a period of relative dispersion of economic activity, in particular industrial development.
At the end of the nineteenth century and the beginning of the twentieth century, the provinces of Tarapacá and Antofagasta attracted industrial investments to the region (mainly non-durable consumer goods, with a significant proportion in the textile and food, beverage and tobacco industries). This period saw maximum territorial dispersion of industrial activities. The rise of nitrate prices on international markets, the fall in transport costs and the integration of the international economy favoured this trend. 1 7 boom in 'new copper mining'. Copper replaced nitrates as the main source of mining production and exports, widening the geography of mining from the north to the central zone of the country. 13 The mining map of Chile is completed with the production of fossil fuels.
Exploitation of coal in Concepción and Arauco, to the south, began in 1844 and continued steadily until the 1970s.
14 Chilean coal was almost entirely destined for the local market (which had to be complemented with importations from Britain), and fuelled steam engines in the railways, foundries and industrial activities. In the 1960s, coal production was complemented by petroleum production in the southern region of
Magallanes. Unlike Chile's other mining activities, petroleum extraction had no historical precedents. The industry was a totally new phenomenon, with very particular geographic localization and production that barely covered the minimum of local needs.
Although fuels were important for the economic development of the country, they never marked an era in the economic history of Chile in the way that exports of nitrate and copper did.
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The relationship between the mining cycles of the Chilean economy, particularly those of nitrate and copper, and the evolution of international prices of both raw materials differs according to the period studied. Rising prices stimulated increased nitrate and copper production. This was particularly marked in the case of nitrate between 1900 and 1917 and for copper from 1947 onwards. During the downward trend of nitrate prices from 1880 to 1899, production and exportation did not stop growing, except for the serious dip during the Great Depression in the early thirties. However, when nitrate prices fell from 1922 the industry had no way of recovering and fell into a long decline, from which it never recovered.
The Chilean mining economy was determined by natural resource endowment and had limited options for dealing with cycles of falling prices, and had to redouble its productive efforts in order to maintain revenues. During the first two decades of the nitrate cycle, when prices were on the upswing, the sector responded by increasing the workforce involved in extraction and increasing investment in activities of transformation and commercialization. This led to greater consumption of coal for the production of nitrates and for the railways, which were used to transport the mineral to the ports of Iquique and Pisagua. Both trends were accentuated during the great cycle of expansive prices at the beginning of the twentieth century. The increase in international demand for nitrogenous fertilizer in the golden years of the first globalization occurred when the Chilean nitrate economy was sufficiently capitalized to be able to respond to the opportunities of the cycle of climbing prices. The nitrate-rich regions in the north of Chile experienced their period of greatest abundance. The population grew with the arrival of workers from the central region of the country; the port towns of Iquique, first, and Antofagasta, later, became hubs of industrial activity and services; and the State accentuated its presence in the provinces annexed after the War of the Pacific. In moving between the two mining cycles, the Chilean economy adapted to three structural changes. It shifted from nitrate to copper mining, from labour-intensive to capital-intensive mining, and from geographically concentrated mining to more dispersed localities. Figure 1 shows an index of concentration of mining activity from data on regional mining GDP. While the nitrate cycle showed elevated concentration indices, with the extraction of the mineral located exclusively in the provinces of the Norte Grande (first in Tarapacá and then in Antofagasta), the copper cycle boom was marked by a progressive de-concentration, which was heightened by the appearance of petroleum production in the southern zone. Though these modern production techniques were limited in number, they marked the destiny of the Chilean economy. These pioneering experiences were scattered throughout the territory, which resulted in a relatively low geographic concentration of modern activities. Wheat production was to be found in the valleys of the central zone, south of Santiago, and this is where milling activity was located. Silver and copper mining were characteristic of the so-called 'Norte Chico', a region undergoing desertification to the north of Santiago. In the coal-producing region of Concepción, 700 kilometres south of Santiago, highly specialized industries sprang up, such as those fabricating refractory bricks for the furnaces of metal foundries.
It was with this legacy, which was limited and somewhat diminished by the crisis of the 1870s, that Chile experienced its boom as a nitrate (saltpetre) exporter. The country had experienced industrialization without actually becoming industrialized.
However, it had gained experience that would prove useful during the mining export boom that began in the 1880s. Although nitrate production was far more labourintensive than technologically-intensive (the mineral was exported with very little added value), the increase in mining production in the provinces of the Norte Grande led to the creation of a focal point of economic growth which impacted on industry in the country.
The provinces of Tarapacá and Antofagasta became focal points that attracted a workforce from the central regions of Chile. In the mines, known in the zone as 'offices', there was employment for tens of thousands of workers, who had to be imported from distant zones due to the low density of the existing population.
The lack of local labour power and the need to import labourers kept salaries rising, which had the effect of increasing the demand for manufactured goods in the region.
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High levels of GDP per capita in Tarapacá and Antofagasta until 1930 reflect the market potential of these provinces (see Table 1 ). The wages of industrial workers are consistent with the GDP figures (see Table 2 ). Industrial wages in Tarapacá, the nitrate province in the north of the country, were at their highest during the nitrate era and fell later. In the copper mining provinces of Antofagasta and O'Higgins, industrial wages were similar to the rest of the country.
[INSERT In response to the increased purchasing power of the northern population, lowquality manufactured goods were imported from elsewhere in Chile, which drove the integration of the national market. 21 Industrial activities also developed, with the advantage of production taking place close to input suppliers and final consumers.
Iquique, the number-one mining city in the north, was situated more than 1,500
kilometres from Valparaíso, then the main manufacturing centre in Chile. Apart from the production of consumer goods for the mine-labourers, there was also the need to handle and commercialize the nitrate, which gave rise to secondary activities linked to mining and transport. The mechanization of mills and packaging systems, as well as the spreading of the railways as a means of transport, lent a more upbeat pace to industrial activities in the mining zone.
Some manufactured goods came from abroad, which reduced the backwardlinkages of mining on domestic industry. While Europe (and particularly the United Kingdom) was the main export destination, imported products benefited from cheap freight costs. 22 The First World War marked a change in this respect. Trade data show, for the first time, a divergent development between imports of manufactured goods and mining exports and the end to the restriction that foreign trade imposed on domestic industrial development. 23 The increase in coastal shipping trade was a response on the part of the domestic market to this expansion of demand due to increased prices for exported goods and of the reduction of imports because of restrictions in world trade.
Manufacturing production expanded with a focus on the domestic market. By the 1920s, 22 The ships, which usually arrived at Pisagua, Iquique or Antofagasta to export the mineral, arrived loaded with ballast (generally wood) to fill up their cargo capacity, since the volume of importations was significantly less than that of exportations. Consequently, transport costs of importats were relatively low.
14 60 per cent of domestic consumption of manufactured non-durable consumer goods was satisfied by domestic production.
24
During the period of economic growth based on nitrate exports, Chilean industrial activity was spatially dispersed (see Figure 1) . 25 This reflected Union at the end of the twentieth century. Progressive economic integration within the European Union reduced transport costs, which could explain why, at the end of the period, agglomeration economies appear as explanatory, to a certain degree.
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Other works show that in the long run, the impact of regional integration on the localization of the industry caused dispersion due to the higher growth in the industry of the leading regions and then, after a peak, a re-concentration around the main market, when the modern industry spreads to the whole country. 36 The model proposed by Midelfart-Knarvik, Overman and Venables combines factor endowments with agglomeration economies, a set of specific variables of the industrial sectors under analysis, a set of regional characteristics and also their interactions. Industry in Chile exhibited varying characteristics due to differences in the intensity of use of raw materials, skilled labor or agglomeration economies. At the same time, the Chilean provinces had huge differences in resources endowments. In a general equilibrium framework, we expect that the location of industries is determined by the interaction of regional differences and industrial characteristics. Hence, our interest relies mainly on the analysis of this. The variables considered are set out in Table 3 . As a proxy for factor endowment, we use the percentage of agricultural area cultivated (this is confined to wheat due to data limiations) and mining production over the whole country, to obtain the impact of mining activities of one region on their neighbor industry (in our work, this variable is important to detect the existence of linkages, specifically during the copper cycle). 41 For the impact of the human capital endowment, we consider the percentage of the entire population that is currently in school. For the sector characteristics, we use the raw materials used as a percentage of total production 38 Ellison and Glaeser, Geographic concentration.
and the percentage of skilled labor over non-skilled in the sector. For the NEG variables we have considered market potential for the regional characteristic and the average dimension of the firm, as a proxy for scale economies, for the sectorial one.
[INSERT TABLE 3]
We have built the market potential for each region following the procedure used by Harris:
Where MPi is the market potential for region i, GDPj is the GDP for region j, and distij is the distance between region i and region j. Higher MP implies a higher dimension of their own market and better access to the neighbor markets. We have not considered the impact of foreign market access due to the remoteness of this country from their main trade partners. In stressing the importance of interaction variables, the objective of Midelfart-Knarvik Overman and Venables is to combine the effect that the abundance or scarcity of one factor could have on a specific industrial sector with the impact of the use-intensity of one factor on its production. To do this, we could consider four interaction variables: two related with the factor endowments:  We consider intensive use in industry and in the region: percentage of agricultural area cultivated over the whole country * Raw materials used as a percentage of total production. 42 Harris, The market.
 Intensity in the use of raw materials and importance of mining sector to detect the existence of linkages between the industry and mining: Mining production over the whole country * Raw materials used as a percentage of total production  We consider effects related with the human capital endowment and their impact on industries needing skilled workers: Percentage of schooling for the population of the whole country * Percentage of skilled labor over non-skilled in the sector  We also consider NGE variables which consider the pattern followed by industry towards a concentration near the big markets to take advantage of the scale economies: Market potential * Average dimension of companies.
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The resulting equation to be tested is:
Where si k is the percentage of industrial employment in the sector k over the total of the province i, popi is the percentage of the population in province i, mani is the percentage of industrial employment in province i, y[j]i is the regional characteristic for region i¸
k is the value of the characteristic of the industry k paired with the region j and γ [j] and κ[j] are constants. We simplify equation (1) and obtain:
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Some results
The next step is running the OLS regressions, correcting possible problems of heteroskedasticity, for equation (3). For data on schooling and the urban population we consider the population census and extrapolate the figure from the year of the industrial census. Data for 1894 are not available and we do not run the regression for this year.
Data for agriculture come from the statistical abstracts, modified for these years with different regional aggregations. 44 We considered the 24 provinces existing in 1937. The 1957 data was considered as groups of provinces. We have no data for intensity in the use of raw materials for 1967 and we have used the same data as 1957, assuming no technological changes in the industry and no changes in its structure. The price of fuel is not available for 1957 and this is why we have considered the installed horse power over the aggregated value. The results can be observed in Table 4 .
[
INSERT TABLE 4]
The significance of the coefficients allows us to split the entire sample into two different periods: before and after the Great Depression or the Nitrate cycle, and the Copper cycle. During the first period, factor endowment variables were significant. Nevertheless, this result must be taken with caution because this variable is no longer significant when we consider the results of the control estimation (see Table 5 ).
In examining the impact of variables relating to agglomeration economies, a positive coefficient sign will indicate that provinces where industry is concentrated will be those with large market potential and industrial sectors that intensively exploit scale economies. In most cases, the sign was negative and only during the years of the State- Following Crafts and Mulatu, Table 6 considers the estimation of equation 3 using time and sector dummies, which allows us to analyze the magnitude of the impact of each interaction. This is possible because we compare the effect of natural resource endowments and production factors to that of NEG variables. For England in the late nineteenth century, the higher impact was for the interaction related to human capital and the use of highly-intensive skilled labor. This result was surprising, considering that the natural resource endowments and market size are conventionally seen as the main drivers of industrial location. The Chilean case, as observed in Table 4 , produces different conclusions. The interaction of NEG forces was slightly more important than other variables. To obtain the data in Table 6 During the first Chilean mining cycle, dominated by nitrate exports, the mining industry was subject to a decentralizing impulse. The industrial structure in the nitrate provinces maintained a highly diversified pattern. When copper replaced nitrate as the main export product, the capacity for attracting industrial activities producing non-durable consumer goods disappeared, and was replaced by an industry that was oriented towards intermediate goods and equipment goods which supplied mining activities themselves.
Between nitrate and copper, the Chilean economy adapted to at least three important changes in the economy: that which involved the change from nitrate mining to copper mining; that which brought an important change from labour-intensive mining to capital-intensive mining; and lastly, that which transformed geographicallyconcentrated mining into one that was more disperse in the territory. The industry of the mining zones adapted to these changes. The nitrate provinces, particularly Tarapacá, suffered the effects of de-industrialization, losing part of their structural diversity. By contrast, copper mining encouraged growth in the chemical, machinery and transport equipment industries. These were more technologically-intensive than labour-intensive, which meant they had a weaker impact on the employment structure of the provinces where they were located. 1902 1909 1916 1923 1930 1937 1944 1951 1958 1965 1972 
Figure 2. Concentration of Industrial Employment, 1895 -1967
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